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Hybridoma CT43 Producing A Monoclonal Antibody To 
A Mucin Epitope Of Colorectal Cancer 



PTP.T.n op THE INVENTION 

This invention relates to the hybridoma cell 
10 line CT43 which produces a monoclonal antibody 
reactive with mucins, particularly a novel epitope on 
mucin molecules associated with colorectal cancer 
malignancies. Monoclonal antibody CT43 and other 
antibodies specific for the epitope recognized by CT43 
15 are useful in the detection and treatment of human 
cancers, particularly colorectal cancer. 

ftft? y«PQTWD OP THE TNVENTIQN 

20 Mucins are heavily glycosylated, high 

molecular weight glycoproteins with a carbohydrate 
content of up to 80% that are secreted by epithelial 
tissues. Mucins have been identified as tumor- 
associated antigens and have been found to be released 

25 into the circulation in large amounts by most 
carcinomas (Rittenhouse et al. Lab- Mfid- 556 
(1985), Magnani et al. fiansej: ESS. A2: 5489 (1983), 
Linsley et al. Cancer BeSb. < 1986) ' 

30 incorporated herein by reference) . 

The diagnosis of colorectal cancer is 
currently based upon clinical findings, detection of 
blood in fecal samples, and a correlation with high 
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level of certain carcinoma- associated mucin antigens 
in tissue, blood, or serum samples detected by the 
binding of certain monoclonal antibodies. Examples of 
monoclonal antibodies which have been reported to 
5 recognize antigens associated with gastrointestinal or 
colorectal cancer include CA 19-9 (Magnani, J.L. et 
al. suora l . CCK061 (European Patent Application, 
EP200464) and a monoclonal antibody specific for 
carcinoembryonic antigen (lil6NS-3d) , U.S. Patent No. 
10 4,349,528). In vitro diagnostic methods for detecting 
the presence of cancer cells or other cancer cells 
producing small intestine mucin antigens and/or large 
intestine mucin antigen and monoclonal antibodies 
useful therein are disclosed by Linnane (PCT 
15 Publication WO 86/00414). Many other malignant 
conditions are also detected, in addition to 
colorectal carcinoma (e.g., stomach, gall bladder, 
malignant lymphoma and acute lymphocytic leukemia) . 
Diagnostic tests based on each of the antigens 
20 recognized by the above antibodies fail to have a high 
correlation with colorectal carcinoma, particularly in 
its early stages, resulting in high numbers of false 
positive results. The only truly reliable method to 
date is biopsy of potentially malignant growths. 
25 Monoclonal antibodies such as CEA or CA 19-9 are used 
in conjunction ' with other diagnostic methods or in 
post-therapy survey for cancer recurrance. 



30 



^TMM&PV OF Tf* TMVEMTIOn 



The present invention provides a monoclonal 
antibody that is highly reactive with mucin epitopes 
associated with human colorectal cancer. More 
specifically, the novel antibody of the invention, 
35 designated CT43, is a murine monoclonal antibody that 
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10 novel 



„ Q _ n the membrane of colorectal 
blnds . nove epitop ^ 

-"-vr^ ^ £ering troB colerectal 

hUM " r ^he novel nucin epitope is characterised as 

period." sensitive and unreactive with W -own. 
naturally oceuring glycoconjugates. 

P^er. methods are provided for the uee o f 
J^Ton.1 antics o f the pr.e.nt invent 

- rr'-^rr 

=T d^r associate. —J-J-J^1«S 
• diagnosis of colorectal .-"f"^."^ e „ 0 er 
" patients following various treatments fo 

recurrance. The method compr^ * J**^ 

gating the -«•*• epitope correlated with 

L^—ate. of X . , - 
simultaneously or sequentially, « 
antihody composition which ^^""^ t 
» antigenic determinant common ~ -c^s ' 

specific binding occurs, ^ lB ^ 

complex and detecting the of Xabel 

previous step to tt9rrtv 

with the reaction complex an- 
associated with » t o£ colorectal 

30 detecting or guantitating the a ^ 
cancer associated mucin *—*J*££Z«I CT43 
purred ^™*™^™T^tr\^ 



WO 91/04490 



PCT/US90/05100 



4- 

formation o£ a reaction complex between the 
immobilized CT43 and the colorectal cancer associated 
mucin in the serum sample. Complex is detected by the 
binding of - horseradish : peroxidase conjugated 
5 monoclonal antibody CT66 binding with the reaction 
complex. CT66 is specific for Lewis a and sialylated 
Lewis a antigen. 

Also, the present invention provides kits for 
10 the detection or quantitation of colorectal cancer 
associated mucin epitope bound by CT43. The kits are 
composed of compartments containing a first monoclonal 
antibody which specifically binds the CT43 epitope and 
a second monoclonal antibody composition which 
15 specifically binds with an antigenic determinant 
common to mucin molecules, and labels providing for a 
detectable signal covalently bonded to the second 
antibody composition on bonded to antibodies reactive 
with the second antibody composition. 

20 

CT43 may also be useful for particular 
therapeutic applications. The antibody may be used as 
a component of various immuno-conjugates including 
antibody-drug and antibody-toxin conjugates or 
25 radiolabeled to deliver radioisotope to tumors. CT43 
may also be therapeutically useful in an unmodified 
form. 



30 



DESCRIPTION OP THE SPECIFIC EMBODIMENTS 



In accordance with the present invention 
novel compositions of a monoclonal antibody, CT43, 
specific for a novel mucin epitope is provided wherein 
such antibody is capable of specifically binding an 
35 epitope of carcinoma-associated mucin which correlates 
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with the presence colorectal cancer. Monoclonal 
antibodies and fragments thereof may be utilized as 
diagnostic or therapeutic reagents. 

5 The CT43 antibody can be used to isolate and 

characterize the antigen to which it binds Use of 
monoclonal antibodies as probes to 
characterize the epitopes they recognize and to 
further define the cell membrane antigens to which it 

10 reacts can be found, for example, in Nudeleman et al. 
j fiial. Sbjgn. 251: 12752-56 (1982) and Hakomori. *ffi. 
^ev. Munol- 2: 103-26 (1*84) . Results of 
preliminary epitope screens on common glycoconjugates 
have not revealed the epitope to which CT43 binds. 

The monoclonal antibody of the present 
invention can be prepared by ^ 
expression of nucleic acid sequences which code for 
antibodies specific for epitopes of 
20 associated mucin antigens recognized by CT43. This 
na y be accomplished, by introducing such sequences, 
typically cDNA encoding for the antibody, into a host 
capable of cultivation and culture. The immortalized 
cell line may be a mammalian cell line that has been 

25 transformed through oncogenesis, by transfectxon, 
mutation, or the liKe. Such cells include myeloma 
lines, lymphoma lines, or other cell lines capable of 
supporting the expression and secretion of antibody in 
vitro. The antibody may be a naturally occurring 

30 iamu „oglobulin of a mammal other than human, produced 
by transformation of a lymphocyte, by means of a virus 
or by fusion of the lymphocyte with a neoplastic cell, 
e.g., a myeloma, to produce a hybrid cell line. 
Typically, the lymphoid cell will be obtained from an 

35 aniB al immunized against carcinoma-associated mucin 
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antigen or a fragment thereof containing an epitopic 
site recognized by CT43 with a high correlation with 
colorectal cancer* 

5 immunization protocols are well know in the 

art and can vary considerably yet remain effective. 
See Goding, Monoclonal Antibodies: Principle and 
Practice, (1983) which is incorporated herein by 
reference. Immunogenic amounts of antigenic 

10 preparations of partially purified carcinoma- 
associated mucin preparations are injected, generally 
at concentrations in the range of 1 ug to 20 mg/kg of 
host. The partially purified carcinoma-associated 
mucin may be administered once or a plurality of 

15 times, usually at one to four week intervals. 
Immunized animals are monitored for production of 
antibody to carcinoma-associated mucin antigen, the 
spleens are then removed and splenic B lymphocytes 
isolated and transformed or fused with a myeloma cell 

20 line. The transformation or fusion can be carried out 
in conventional ways, the fusion technique being 
described in an extensive number of U.S. patents, 
e.g., 4,172,124; 4,350,683; 4,363,799; 4,381,292; and 
4,423,147. See also, Kennett et al. flonoclQnal 

25 Antibodies (1980) and references therein, and Goding, 
supra . 

The hybrid cell lines may be cloned and 
screened in accordance with conventional techniques, 
30 and antibodies in the cell supernatants detected that 
are capable of binding partially purified carcinoma- 
associated mucin. The. appropriate hybrid cell lines 
. may then be grown in large scale culture In YitX° or 
injected into the peritoneal cavity of an appropriate 
35 host for production of ascites fluid. By 
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virtue of having the anwouy 

T CT43 which is known to be specific for a 

invention, CT43, ™ 1C ■ nigh 
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in binding assays. 

Thus. hybrid c.11 lines can be readily 
. variety of sourees based on the 
^TabtlityV tTprlnt antibody specific for the 

20 r r/r 1 f "u .rr: 1 :^ « 
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i^obulin produced *J££t' J ^ chalM 
cOha coding- for one „v™-. s sion of the 

« into .n expression vector for •£" S "£ bUcatlon 
chains. SSS. 'or exa.pl., European Patent Public 
HOS. 171,496 and 173,494. 

While rodent, partlcuiarly .urine 

3. b cells are preferred, "^^'^Z 
namialian specie, »y be -ployed, suehas M 
bovine, ovine, equine, porcine. evi» « 

Ration, of these «^^ > I ^ t ., »y 

and their lymphocytes, particularly, *p 

35 be obtained for fusions. 
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The monoclonal antibodies secreted by the 
transformed or hybrid cell line may be of any of the 
classes or subclasses of immunoglobulins, such as IgM, 
IgD, IgA, or subclasses of IgG known for each species 
of animal. As IgG is the most common isotype utilized 
in diagnostic assays, it is preferred for this 
purpose. The monoclonal antibodies may be used 
intact, or as fragments, such as Fv, Fab, F(ab')2, but 
usually intact. 



Monoclonal antibodies of the present 
invention are particularly useful for monitoring 
return to the disease state and in conjunction with 
other tests for diagnostic purposes. Typically, the 
15 assay will entail the detection of the of a reaction 
complex formed through the binding of the monoclonal 
antibody to a particular epitope or a carcinoma- 
associated mucin antigen. Hybridomas producing 
monoclonal antibodies capable of blocking the binding 
of antibodies produced by the hybrid cell line of the 
present described below are preferred. 



For use in immunoassays the antibodies of the 
present invention typically entail the the detection 

25 of immune complexes formed between the capture 
monoclonal antibody and the carcinoma-associated mucin, 
antigen having epitopes highly correlated with 
colorectal cancer. Generally, to provide for 

detection the antibodies may either be labelled or 

30 unlabeled A wide variety of labels may be employed, 
such as radionuclides, fluorescers, enzymes, enzyme 
substrates, enzyme cof actors, enzyme inhibitors, 
ligands (particularly haptens) , etc. 



35 
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Numerous types of immunoassays are available, 
and by way of example, some include those described in 
OS. Patent Nos. 3,817,827; 3,850,752, 3,901,654; 
3,935,074; 3,984,533; 3.996,3«; 4, 0^,074; 4,098 876; 

'> and 4,376,110, all of which are incorporated herein by 
reference. When unlabeled, detection can be 

accomplished in agglutination assays. In addition, 
unlabeled antibody compositions can be used in 
combination with other labeled antibodies (second 

10 antibodies) that are reactive with the carcinoma- 
associated mucin antigens, such, as CT66 specific for 
Lewis a and sialylated Lewis a (ATCC HB10218 deposited 
September 6, 1989 with the American Type Culture 
Collection, Roclcville, MD, 20852) 

15 

in general, it is necessary to at least 
partially purify the monoclonal antibody from the 
ascites fluid or culture supematants before 
labeling. Methods of purification are well known and 
20 ca„ include, for example, ammonium sulfate 
precipitation, ion exchange chromatography, or some 
combination thereof. 

Th. monoclonal antibodies of the pr.sent 
2S iBV .ntion find particular us. in sandwich ensym. 
immunoassays to capture and d.t.ct carcinoma- 
associated mucin antigen having the CTO 
biological sample suspected of 
carcinoma-associated mucin antigens is combined with 

» the subject monoclonal antibodies, which may first be 
attached to a solid support. Th. sample « . th" 
reacted with th. monoclonal antibody under conditions 
conducive to immun. complex formation and binding 
occurs between the antibodies and thos. molecules 

35 exhibiting the CT43 carcinoma-associated mucin 
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epitope. The immune complexes may then be separated 
from uncomplexed material and, then if the capture 
antibody is labeled, immune-complex is detected. If 
. the -capture antibody is unlabeled, a second antibody, 

5 which may be a monoclonal antibody of the present 
invention, polyclonal antibody to carcinoma-associated 
mucin antigen, or an antibody to the capture antibody, 
and may be labeled or unlabeled, is added. If the 
second antibody composition is labelled the presence 

10 of the antibody labeled conjugate specificity bound to 
the epitopes is determined. In a convenient 
embodiment, the second antibody is labeled, and may be 
incubated simultaneously with the sample and capture 
antibodies. If the second antibody composition is 

15 unlabeled, a third antibody composition conjugated to' 
a label may * be used. Other conventional techniques 
well know to those skilled in the art may also be 
utilized. 

20 In a particularly preferred embodiment, a 

method for determining the level of CT43 carcinoma- 
associated mucin epitope is carried out by incubating 
a monoclonal antibody of the present invention with a 
biological sample, and detecting the presence of 

25 immune complexes formed between the monoclonal 
antibody and the quantity of CT43 carcinoma-associated 
mucin epitope determined. Detection of immune 
complexes is by a labeled second antibody specific for 
a common mucin antigen CT66 which binds, Lewis a or 

30 sialylated Lewis a. The level of CT43 

carcinoma-associated mucin epitope and the correlation 
with colorectal cancer determined. 



35 



The biological sample tested for the level of 
CT43 carcinoma-associated mucin epitope may comprise a 
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physiological fluid, such as human serum or plasma, 
human tissues, or cell culture supematants, or the 

like - 

5 The capture antibody may be immobilized to a 

solid support in a variety of ways familiar to those 
skilled in the art. The support may include, but is 
not limited to, poly- tyrenes, polyacrylamides, 
silica, agarose, nitrocellulose, and the like. The 

10 supports may take the form of tubes, microwell plates, 
slides, beads, filters, etc. Latexes of polystyrene, 
polyacrylamides, silica, and the like may also be 
used. 

15 The labeled antibody composition may be a 

polyclonal antiserum obtained from animals (e.g., 
rabbits, goats, or mice) immunized with carcinoma- 
associated mucin or fragments thereof by methods known 
to one skilled in the art. Monoclonal antibodies 

20 specific for antigens common to carcinoma-associated 
mucin antigens may also be used, i.e., Lewis a, Lewis 



Biological fluids or samples may also be 
25 directly examined for CT43 carcinoma-associated mucin 
epitope by first affixing the specimen to a solid 
support, which may be accomplished in a variety of 
ways. Polystyrene can be used as a solid support 
( e.g., as microwell plats, or, alternatively, toe 
30 sanple may be attached to other solid supports 
including glass, nylon, cellulose acetate 
nitrocellulose or other membranes as well as 
polyacrylamide, etc.. The affixed samples are 

incubated with the desired monoclonal antibody or with 
35 a composition comprised of a monoclonal antibody of 
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the present invention under conditions conclusive to 
immune complex formation. The antigen-antibody 
complex is then washed and signal detected when a 
-primary antibody is used. If the first antibody is 
unlabeled, a second labeled immunoglobulin- specific 
antibody is added. Thereafter, the presence of the 
label specifically bound to the antigen-antibody 
complex is determined* 



.Kits can also be supplied for use with the 
subject monoclonal antibodies in the detection and/or 
quantitation of carcinoma-associated mucin antigen 
having the CT43 epitope* Thus, the subject monoclonal 
antibody composition may be provided, usually absorbed 
15 to a solid phase or in a lyophilized form, either 
alone or iir -conjunction jfith additional antibodies 
specific for malignant colorectal disease. The 
antibodies, which may be conjugated to a label or 
unconjugated, are included in the kits with buffers, 
such as Tris, phosphate, carbonate, etc., stabilizers, 
biocides, inert proteins, e.g. bovine serum albunun, 
or the like. Generally, these materials will be 
present in a total amount of at least about 0.001% wt. 
based again on the antibody concentration. 
25 Frequently, it will be desirable to include an inert 
extender or excipient, where the excipient may be 
present in from about 1 to 99% wt of the total 
composition. Where a second antibody broadly reactive 
with carcinoma-associated mucin is employed, this will 
30 usually be present in a separate vial. The second 
antibody is typically conjugated to a label and 
formulated in an analogous manner with the antibody 
formulations above. Standards of plural effusion from 
colorectal cancer patients of known reactivity in the 

35 
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assay is also provided in separate vials to establish 
a standard curve used to quantitate the level of 
antigen in a sample. The kits themselves comprise 
-compartments : containing vials or other containers for 

5 the reagents described above which are necessary for 
the performance of the particular diagnostic 
immunoassay. Such kits may find considerable utility 
in diagnosing colorectal cancer or monitoring the 
recurrence of colorectal associated malignant disease 

10 following surgery, radiotherapy, chemotherapy or 
combinations thereof. 

Monoclonal antibody of the present invention 
My be used to purify and characterize the antigenic 

15 determinant for which it is specific. Antigen may be 
partially purified from a tumor source such as tumor 
cell lysates by such as gel exclusion chronotography. 
Fractions which contain high molecular weight mucin 
molecules are pooled and concentrated by any of 

20 several known methods. Pooled fractions are then run 
onto an affinity column comprising monoclonal antibody 
of the present invention conjugated to the column 
matrix. Activated column materials, such as CNB 
activated sepharose or 1.1* carbonyldiimidazole- 

25 activated affinity matrix may be used. Bound antigen 
is eluted from the affinity column after unbound 
material has been washed from the column matrix. 
Fractions are assayed for the presence of protein and 
binding by the monoclonal antibody. Polyacrylaride 

30 g ei electrophosesis followed by Western Blot may be 
used to test for antibody binding or small aliquots 
from the collected fractions maybe tested by ELISA to 
determine the fractions containing antigens of 
interest. The fractions of interest are then pooled 

35 and concentrated for further characterization. 
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Other features and advantages of the present 
invention will become apparent from the following 
experimental descriptions, which describe the 
invention by way of e3^ple._„The examples are offered 
5 by way of illustration and not by way of limitation. 

EXAMPLE * 

FORTFICATTON OF CARCTNOMA— ASSOCIATED ANTIGEN 

10 

Collection of Pleural Effusion Fluids 



Effusion fluids used contained predominantly 
a soluble form of mucin. Pleural effusions (GI-PE) 
were obtained from Gastrointestinal cancer patients at 
Virginia Mason Clinic in Seattle, Washington. 
Effusion samples were stored frozen at -20 *C. 

Purification of Colon Adenocarcinoma Carcinoma- 
Associated Mucin fCAMl 

Pools of carcinoma-associated mucin were 
purified from acid-ethanol extracted colon 
adenocarcinoma. Surgical specimens were pooled and 
stored at -70 'C. Tumor tissue samples (31.7 g) were 
thawed in a volume of 125 ml of extraction buffer (95%. 
ethanol, lOOmM HCl, phenylmethyl- sulfonyl fluoride 
(32 ug/ml) r Aprotinin (2 mg/ml) , and the mixture was 
stirred for 16 hours at 4*C. Insoluble material was 
collected by sedimentation at 10,000 xg for 30 minutes 
at 4*C, resuspended in H 2 0 at a concentration of 
approximately 4 g/ml (weight/ volume) and guanidine HCl 
was immediately added to a final concentration of 6M. 
The mixture was vortexed vigorously and allowed to 
stand overnight at 4*C, then sedimented at 1,000 xg 
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for 10 minutes, and the supernatant was then 
collected, following removal of the lipid phase. 

Equilibrium sedimentation in cesium chloride 
5 (CsCl) density gradients was performed. CsCl (source) 
was added at 0.6 g/ml (original volume) and the 
density was adjusted to 1.33-1.35 g/ml, measured 
gravemetrically. Samples were then centrifuged in a 
Beckman 50.2 rotor at 40,000 rpm (145,500 xg average) 
10 for 60 to 65 hours at 21'C. Fractions were dialyzed 
against H 2 0 and then assayed for by polyacrylamide 
gel electrophoresis. 

Further purification was carried out by 
15 column chromatography using either a TSK-G3000SW or 
TSK-64000SWG column. Phosphate buffer (50mM, pH 7.5) 
was used to elute colon adenocarcinoma mucin from the 
column. Fractions containing molecules of over 

200,000 MW were collected as determined by protein 
20 standards under similar conditions. 

FYAMPLE II 

CTTWERATTON ANH SCREENIN G OF MONOCTJWAT, ANTIBODIES 
gyration of Monoclona l *n* <hodv CT43 



25 



Hybridomas producing novel monoclonal 
antibody CT43 were developed by immunizing Balb/c mice 

30 interperitoneally with an injection of 200 ul of 
cesium chloride gradient purified colorectal 
adenocarcinoma mucin with 1 mg silica as adjuvant. 
Fourteen days later, 140 ul of column chromatography 
purified mucin was injected subqutaneously with 1 mg 

35 of silica as adjuvant. Column chromatography purified 
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mucin was used as the immunogen for subsequent 
immunizations on days 28 (500 ul) , 35 (200 ul) and 84 
(200 ul) . On day 171 pleural effusion mucin (350 ul) 
colorectal carcinoma associated mucin (100 ul ) , and 
200 ul of column ^ purified mucin were 

used for the final booster immunization. Silica was 
used as adjuvant for all immunizations. Spleens were 
removed from mice which gave a positive immune 
response on purified colorectal mucin 3*4 days 
following the final booster injection. 



Fusions were carried out generally following 
the procedures outlined by Kohler and Milstein, 
supra . In brief, mononuclear cells from one spleen 
and five lymph nodes of a mouse were combined in a 1:1 
ratio with log phase NS-1 mouse myeloma cells and 
fused with polyethylene glycol. The final hybrid cell 
suspension was diluted to a concentration of 1x10 
cells/ml in IMDM-HAT containing 15% fetal calf serum, 
ImM sodium pyruvate, 100 ug/ml streptomycin and 100 
lU/ml penicillin, 1.0xl0~ 4 M hypoxanthine , 

4.0xlO~ 7 M aminopterin, and 1.6xl0" 5 M thymidine) 
which included 2.5X10 7 balb/c thymocytes as feeder 
cells. The mixture was plated (200ul per well) into 
96 well microtiter plates. Cultures were fed by the 
removal and replacement of half of the volume of each 
well with fresh IMDM-HAT every two-three days . 
Culture supernatants were assayed for the presense of 
antibody to purified colorectal carcinoma associated 
mucin by enzyme-linked immunosorbent assay (ELISA) 
when cell growth reached approximately 40% confluency 
in the wells, 7-10 days after fusion. Protocols used 
for screening and characterizing the cell lines for 
the production of monoclonal antibody for CT43 are 
further described below. 
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^ n r .»|on of M ^^-lnnal Antibody CTgS 

Hybridomas producing monoclonal antibody CT66 
-. we re -- ~ developed by ^^monizing Balb/c mice 

5 interperitoneally vith an injection of 200 ul of 
cesium chloride gradient purified colorectal 
adenocarcinoma mucin vith 1 »g silica as adjuvant. 
Fourteen days later, 140 ul of column chromatography 
purified mucin was injected subcutaneously vith 1 mg 

10 of silica as adjuvant. Column chromatography purified 
mucin vas used as the immunogen for booster 
immunizations on days 28 (500 ul) , 35 (200 ul) . and 84 
(200 ul) . on day 171 pleural effusion mucin (350 ul) , 
colorectal carcinoma associated mucin (100 ul) , and 

15 2 oo ul of column chromatography purified mucin vere 
used for the final booster immunization. Silica vas 
used as adjuvant for all immunizations. Fusions vere 
carried out generally as described above. 



20 greening 

Various screening procedures vere used to 
isolate monoclonal antibodies CT43 and CT66 which 
specifically bind epitopes associated vith certain 
25 mucin s. Clones vere initially screened for 

purified colorectal adenocarcinoma mucin (CAM) 
purified by column chromatography in an ELISA assay. 

CAM vas diluted 1:100 in BSA-Tris Buffer and 
30 50 ul added to veils of microtiter plates, 
immobilization vas alloved to occur for at least one 
hour at room temperature before the excess vas removed 
and the veils blocked vith bovine serum albumin/Tris 
buffer for 1 hour at room temperature. Hybndoma 
35 supernatant (60 ul) to be screened vas added per veil 
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and incubated for 1 hour at room temperature prior to 
the addition of goat anti-mouse ZgG horseradish 
peroxidase conjugate (1:1000) and goat anti-mouse ZgG 

and ,_IgM horseradish -peroxidase conjugate -(Cappel, 

1:2000). Dilution vas carried out in 10 * fetal calf 
sera/phosphate buffered saline. Conjugate vas allowed 
to react with immobilized hybridoma antibody for 30 
minutes at room temperature. Tetramethylbenzidine was 
used as the enzyme substrate for the detection of 
positive wells. Reaction was terminated with the 
addition of IN sulfuric acid. .Between each addition 
step wells were washed with 10% FCS/PBS. 



Clones providing positive reactions were 
expanded and retested on Gl-pleural effusion (GI-PE) 
mucin ELISA - similar to that provided above. Clones 
which produce monoclonal antibodies highly reactive 
with colorectal cancer associated mucin and pleural 
effusion for gastrointestinal cancer patients were 
than used to configure double antibody determinant 
assays described below. 



Isotvpe Determination 

9 6- we 11 plates were coated with CAM mucin as 
described above. Fifty ul of supernantant cultures of 
the CT43 cell line was added and incubated at room 
temperature for 1 hour. Well were again washed and 
monospecific goat anti-mouse 

immunoglobulin-horseradish peroxidase conjugate 
(1:2000 in 10% FCS/PBS, Cappel Laboratories) was added 
to the wells for 30 minutes at room temperature Hells 
were again washed and tetramethylbenzidine substrate 
was added to each well for 15 minutes. The reaction 
was stopped by the addition of IN sulfuric acid and 
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the optical density determined with an automatic plate 
reader 450 ran* 

, v - Based _on these procedures CT43 wasjdetermined 

5 " to produce monoclonal antibody of the IgG2b isotype. 

rr ^ ff ^ i tY Mon»^^ a l Antibody CT41 

Binding specificity and correlation with 
10 colorectal cancer was determined by testing blood 
samples from individuals having malignant disease by 
double determinant ELISA. Monoclonal antibody CT43 
was used as the capture antibody wherein CT43 was 
immobilized in the wells of a 96 well microtiter 
15 plat e. serum or plasma from an individual to be 
tested was diluted in 1:2 dilution buffer O.OSM HEPES, 
0.15M NaCi, 20% PCS and SO ul added to each well. 
After incubation for 1 hour and washing a second 
monoclonal antibody, CT66 specific for sialylated 
20 ^wis a and Lewis a antigen, was conjugated with 
horseradish peroxidase by the method of Nakane et al 
£ . HisificHSffi. mochejn. 21: 1084 (1974). Conjugate 
vas diluted 1:2 in O.OSM HEPES, 0.15M Nad, 20% FCS 
and 500 ul was added to each well and allowed to 
25 incubate for 60 minutes at room temperature. 3,3'5,5' 
tetramethylbenzidine in citrate/phosphate buffer, pH 
6.0 with 0.0015% hydrogen peroxide was added and after 
15 minutes IN sulfuric acid was added to stop the 
reaction. Optical density at 450 mm was determined. 
30 Blood samples were from a group of patients 
characterized by the presence of absence of colorectal 
cancer. Patients were grouped as Normal, Benign, 
Local/Regional or Metastatic based on status of 
disease progression. 
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Monoclonal antibody CA 19-9 was tested by the 

methods as described by the manufacturer. Cent or. CEA 

was tested by the methods as described by the 

manufacturer, Abbott Laboratories. - ~ " 

S 

Table 1 compares the ability of antibodies 
CT43, CEA and CA 19-9 to detect and diagnose 
colorectal cancer. CT43 was determined to be better 
able to detect colorectal cancer at its early stages 
10 than CEA and CA 19-9 and to be at least as good as CEA 
and better than CA 19-9 at detecting later stages. 
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5 TMLS-L 

TESTTNG OF BI/ Mn BERPM SAMPLES BY 
MOWOCTflNA T- aWTTWOnY ELISA 

10 

CT&3 CEA Q*L2z2 

TOTAL HIGH PERCENT HIGH PERCENT HIGH PERCENT 

15 



Normal 


92 


1 


1.1 


0 


0.0 


1 


1.1 


Benign 


103 


3 


2.9 


5 


4.9 


3 


219 


Local/Regional 


94 


25 


26.6 


19 


20.2 


11 


11.7 


Metastatic 


110 


64 1 


58.7 


69 


62.7 


55 


50.0 



20 



1. A total of 109 blood samples diagnosed with metastatic colorectal 
cancer vere tested. 
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ANTIGEN CHARACTERIZA TION 

The antigenic determinant to which monoclonal 
antibody CT43 binds was determined initially by 
assessing the sensitivity of monoclonal antibody- 
antigen binding to treatment by protease glycosidase 
treatment and chemical modification. Sensitivity or 
resistance to Neuraminidase, Proteinase K and 
periodate indicate whether the antigenic determinant 
may be at least partially protein in nature, involve 
one or more sialic acid residues or other carbohydrate 
moeities. 



Colorectal cancer associated mucin was 
immoblized in microtiter wells (Immulon II) previously 
treated with. 20 ug/ml poly-L-lysine in PBS, overnight 
at 4 # C. Excess mucin was removed and wells were 
blocked with 2% BSA/Tris for 1 hour at 37 *C Wells 
containing immobilized mucin were treated for 1 hour 
20 at 37 # C with either a) 20 mU/ml £. perfrinaens 
neuraminidase type X in 0.15 M NaCl, 50 mH acetate pH 
.5.0, 0.1% CaCl 2 , b) 200 mU/ml proteinase K in PBS 
or c) 0.5% NaI0 4 in PBS. Wells teated with NaI0 4 
were post incubated with 2H sodium metabisulf ite. 
Following treatment the wells were washed with PBS 
prior to the addition of 50 ul of CT43 cell 
supemantant or diluted ascites for 2 hours at room 
temperature. Wells were washed twice with PBS and 
CT43 antibody binding was detected by the addition of 
30 1:2000 dilution of goat anti-mouse IgG and 
IgM-horseradish peroxidase conjugate in 20% FCS/PBS 
for 30 minutes at room temperature. Wells were washed 
with PBS and tetramethylbenzidine substrate was added 
for 30 minutes. The color reaction was stopped with 
the addition of IN H 2 S04 and the optical density at 
450nm determined. 
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The CT43 antigenic was determined to be 
resistant to neuraminidase and proteinase K, and 
sensitve to periodate. Therefore, the antigenic 
determinant is unlikely to involve sialic acid 
5 residues and does not appear to be protein in nature. 
Sensitivity to treatment with periodate appears to 
indicate the antigenic determinant is carbohydrate in 
nature. 

10 Further analysis of the antigeinc determinant 

recognized by CT43 was carried out by testing the 
binding of CT43 to various glycoconjugates including 
glycolypids isolated and purified from natural sources 
and synthetic glycoproteins. Glycolipids were 

15 separated by thin layer chromatography as described by 
Magnani et al. I. fiifil. CheB. 252: 14365 (1982). 
Briefly, chromatograms of separated glycolipids were 
overlayed with a monoclonal anitbody followed by 
jl25 labeled anti-mouse immunoglobulin. Antibody 

20 bound to a glycolipid antigen on the chromatogram was 
detected by exposure to x-ray film. About 10 mg of 
glycolipid antigen can usually be detected by this 
method. Sources of naturally occurring glcolipids 
included the Folch upper phase extract of bovine 

25 brain, total lipid extract of human kidney, total 
lipid extract of meconium, the upperphase extract of 
the SW1116 human colon carcinoma cell line, upper 
phase of sciatic nerve extract and purified sialylated 
Le a -active hexasaccharide ceramide. A positive 

30 control of colorectal carcinoma mucin was run with the 
glycolipids and a duplicate chromatogram treated under 
identical conditions but without monoclonal antibody 
CT43 was run as a negative control. - 
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Synthetic glycoproteins used to screen for 
CT43 binding contained 10-20 moles of purified 
oligosaccharide covalently coupled per mole of either 
■~'Z _ . r human -or bovine serum albumin. Three different 
5 chemical spacer arms were used to couple the 
oligosaccarides to proteins a) p-aminophenyl (PAP); b) 
aminophenylethyl (APE); and c) acetyl phenylene 
diamine (APD). Both PAP and APE attach the 

oligosaccharide to the protein glycosidically, 
10 retaining the anomeric configuration of the reducing 
sugar. APD, however, attaches the oligosaccharides to 
protein by reductive amination, thereby converting the 
reducing sugar to an aminoalditol. 

Binding of CT43 to immobilized glycol ipids 
and to synthe'tic glycoproteins was also examined by 
ELISA. Glycolipids were dried from methanol in 
microtiter wells at 100 mg/well. Synthetic 
glycoproteins were coated on the surface of microtiter 
well by incubation of glycoprotein diluted to 200 mg 
in PBS pH7.4/well. Purified CT43 was assayed at a 
concentration of 10 ug/ml in 0.01 M Tris-HCl, pH 7.4, 
containing 1% BSA and antibodies of 1:100 in the same 
buffer. 

Table 2 lists the glycolipids and synthetic 
glycoproteins tested. CT43 was not found to bind 
strongly to any of the glycoconjugates tested. Very 
weak reactivity was detected to H type 1 
oligosacchr ide . 
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ftf YCOC01MUG.ft TE TESTED FOR BIND OF 

iHPffflTflpy- m rmm CT43 



CTVCOLTFTDS 



fiTVCOFROTEINS 



10 



15 



20 



25 



30 



can 

GM2 

aa 

GDla 

GDlb 

GD3 

FTlb 

6D3 

G 

GT16 
Qlb 

H Type 1 
H Type 2 
A Type 1 
CDH 
CTH 

G lob o side 

Forssman Glycolipid 
Le b -Active Hexasaccharide 

Ceramide 
Ley-Active Hexasaccharide 

Ceramide 
Sialylated Le a -Active 

Hexasaccaride Ceramide 
B-Active Hexasaccharide 
Ceramide 
Asialo GM1 
Asialo GM2 
GD2 
GTla 



Lacto-N-fucopentaose I -HSA 

Lacto-N-fucopentaose II-HSA 

Lacto-N-fucopentaose III-HSA 

Lacto-N-difucohexose I-HSA 

Maltose -HSA 

Lactose -HSA 

Lac to - N - tetr aos e - HSA 

Lacto-N*neotetraose-HSa 

Lacto -N -hexaose - HSA 

Lac to -N -neohexaose -HS A 

Meliboiose-HSA 

Cellobiose-HSA 

A- trisaccharide - HSA 

B- tetrasaccharide -HSA 

A- tetrasaccharide - HSA 

H-Type 2 -HSA 

A-hep tasaccharide -HSA 

Ganglio tetraose -HSA 

T-Antigen 

3 # Sialylactose 

6' Sialylactose 

S ialyllacto -n- tetraose 

Sialyllacto-N- tetraose b 

Sialyllacto-N-tetraose c 

Sialylated lacto-N-fucopentose II 

Disialylated lacto-N-tertaose 

chitotriose 

ManjGlcNAc 

Han 2 GlcHAc 

Biantennery-oc tasaccharide 

Globotriose 

Globo tetraose 

Le y - active hexasaccharide 

Sialylated lacto-N-fucopentose III 



1. HSA is the abbreviation for Human serum albumin 
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CLAIMS 

We claim; 

5 lm A monoclonal antibody having specific 

imnunologic reactivity with a micin epitcpes 
nqe ^a4-^ with human colorectal carcinoma' cells, said 
epi tT 0 * being neuraminidase and proteinase K 
resistant, and unreactive with glycooonjugates of 

10 Kble 2. 

* 

2. An iwwwrt ^ li"** cell line that produces 
the 7~T'" r0nrta ' 1 antibody of claim 1. 

15 3. The cell line CT43 (ATOC HB 10217) . 

4. A monoclonal antibody produced by the 

cell line of Claim 3. 



20 s. A 

immunologically ccnpetes 
antigenic determinant 
antibody of Claim 4. 



ncroclanal antibody vfaich 
for specific binding with the 
^ ^^ ■■jn i 7^ by the monoclonal 



25 6- The antigenic determinant specifically 

recognized by the ncnoclonal antibody of Claim 1. 

7. A method fear the detection or 

quantitation of an epitope correlated with colorectal 
30 cancer in a biological sanple, said method ccuprising: 

a) incubating the sanple with one or more 
capture antibodies each specific for an antigenic 
determinant correlated with colorectal cancer 
35 associated rucin, wherein said antigenic determinant 
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is neuraminidase and proteinase K resistant, periodate 
sensitive, and unreactive with the glyooccnjugates of 
Table 2, and either sioultaneausly or sequentially, 
"with"" a labeled antibody composition" binding to an 
antigenic determinant cannon to mucins such that 
specific binding occurs, thereby forming a reaction 
complex; and 

b) detecting the reaction complex formed in 
step (a) to determine the amount of label associated 
with the reaction complex and .thereby detecting or 
quantitating the amount of colorectal cancer 
a ee/-y.ia+eri mucin presen t in the sample. 

15 8 . The method of Claim 7, wherein the 

capture scnscloml antibodies are iamobilized on a 
solid phase. 

9. The method of Claim 7, wherein the label 
20 is selected from the group consisting of 
radionuclides, fluorescers, enzymes, enzyme 

substrates, enzyme cofactcrs, enzyme inhibitors, and 
ligands. 

25 10 . The method of Claim 7, wherein the 

labeled antibody ccnpcsition is one or mare monoclonal 
antibodies. 

11. The method of Claim 10, wherein the 
30 monoclonal antibody is CT66. (ATCC HB 10218) 

12. The method of Claim 7, wherein the 
biological fluid is selected from the group consisting 
of blood, serum, pleural effusion, and sputum. 
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13. A test kit for use in detecting the 
of colorectal cancer agcrHatfri nucin, said 

kit comprising ocnpartnents containing a first 
iicnoclanal antibody ocopoeition, -wherein said antibody 
u ii| x «sit1nn u noi ses a monoclonal antibody MtdA 
^jecifically binds an antigenic determinant en a mxrin 
mole cul e oorxelated with colorectal career, «^ 
antigenic determinant being resistant to neuraminidase 
and proteinase K, sensitive to periodate, and 
unreactive with the glycocanjugates of Male 2, and a 
second antibody ccnpositicn which specifically binds 
with an antigenic determinant «'» «v * m to nucin 
molecules, and labels providing for a detectable 
signal ccrvalently bonded to said second antibody 
ocnposition or bonded to antibodies reactive with said 
second antibody ccnpositicn. 

14. The test kit of Claim 13, wherein said 
first monoclonal antibody ccnpositicn ocnprises CI A3. 

15. The test kit of Claim 14, wherein said 
second antibody is CT66. 

16. tte test kit of Claim 13, wherein known 
quantities of purified colorectal aderocarcinona mucin 
is provided in a separate oaqpartment. 
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